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DOUGLAS SQUIRREL (Tamiasciurus douglasi)
HABITAT USE INFORMATION
General

The Douglas squirrd (Tamiasciurusdouglasii) inhabits coniferous, mixed-coniferous, and
subalpine for ests from southwester n British Columbia through the western half of Washington,
and thewestern two-thirds of Oregon and northern California (Hall 1981). In California they ae
common yearlong residents of conifer, hardwood-conifer, and riparian habitats from sealevel to
3,333 m (11,000 ft) in the North Coast, Cascade, Klamath, Warner, and Sierra Nevada Ranges
(Zeiner et al. 1990). Douglas squirrels are diurnal and are active throughout the year (Mase
1981).

Food

Though Douglas squirrels subsist largely on conifer seeds and fungi, they also consume pollen
cones and cambium of conifers, mast, twigs, sap, leaves, buds, and occasionally arthropods, birds
eggs, nestlings, and carrion (Ingles 1965; Smith 1970, 1981; Zeiner et a. 1990). Douglas
squirrels forage both in trees and on the ground, and cache food for winter use. Food caches of
Douglas squirrels seemto be smaller than those of red squirrels (T. hudsonicus) and appear large
enough to last only six to nine months (Koford 1982; Carey 1991). In the Sierra Nevada, caches
of 1,800 to 2,500 cones were found in springs and seeps, but caches were more commonly found
with caches containing an average of six cones (range oneto 20) beneath logs (Shaw 1936). In
Oregon, caches averaging 200 cones were found along streams, in moist depressions, in or under
logs, and on the ground beneath moss (L avender and Enggrom 1956). Douglas squirrelsare
adept at finding hypogeous fungi and may consume as many as 89 different species (Fogel and
Trappe 1978). Fungi may also be cached (Lindsay 1986).

Water

No specific requiremerts have been reported inthe literature. It islikely tha they meet water
needsfrom the food they consume (Zeiner et al. 1990).

Cover

Douglas squirrels require a forest mosaic that includes adequate denning and feeding areas. They
utilize avariety of sheltersincluding tree cavities, hollow trees and logs, and ground burrows
(Maser 1981; Smith 1968). Loosely constructed stick negs are commonly used during summer,
while weather-tight negs in densefoliage, hollow trees or cavities are used during winter.

During a prolonged, severe winter, underground nests in the main food midden may be used
(Carey 1991).



In the Pacific northwest, Douglas squirrels are found in open and closed sapling-pole, large
sawtinmber, and old-growth stands in coniferous, mixed-coniferous, and subal pine forests.
Secondary habitats include hardwood and shrubby wetlands, coniferous wetlands, lodgepole pine
(Pinus contorta var. murrayana), shorepine (P. c. var. contorta), and conifer-hardwood foregs
(Brown 1985). In northern California, a positive correlation has been found between stand age
(55-315yr) and Douglas' squirrel abundance (Rephad 1984; Raph et d. 1991). However, in
southwestern Oregon and in the Oregon and Washington Cascades, differences in spring suirrel
abundance were not found among closed sapling-pole-small sawtimber and old-growth Douglas-
fir stands (Pseudotsuga menzesii) (Carey 1989). Buchananet al. (1990) found that during winter
in the Washington Cascades, D ouglas' squirrels were more abundant in old-growth standsthan in
closed sgpling-pole-smdl sawtimber and large saw-log sands. Maximum seed production in
Douglas-fir occurs when the trees are between 200 and 300 years of age (Fowells 1965), and thus
after the stand has attained some old-growt h characteristics (Franklinet al. 1981). Because
squirrel populations are limited during winter by the availability of conifer seeds (Smith 1968,
1970), larger squirrel populations in old-growth stands probably occur because food resources
arelarger and morerdiable. Immigration to areas of high food abundance has been reported by
Sullivan and Sullivan (1982). Old-growth stands may also provide better overwintering halitat
(Carey 1991).

Reproduction

Douglas' squirrels gererally breed once per year, occasionally twice, depending uponthe dae of
birth of the female and the size of the cone crop. Litters are typically bornMay to June (Smith
1965, 1968; Koford 1982; Zeiner et al. 1990). The reproductive requiremernts of the Douglas
squirrel are assumed to be met by the cover types described above.

Interspersion and Composition

Made and femae Douglas' squirrels defend individud teritories, but the defense isgenerdly
relaxed only during the breeding season. Teritoria defense aso may be relaxed in the spring
when male conifer cones are abundant, and territories may be abandoned during food shortages
(Carey 1991). Home range and territory coincide (Smith 1968). Territories are smal (0.2-1.2 ha
[0.5-3 ac]) and average 128 m (425 ft) in diameter (Carey 1991). Good habitat may support
squirrel densities of 2/ha (2.5 ac) (Zeiner et al. 1990). In western Washington, squirrel dersities
varied from 0.1- 1.4/ha (2.5 ac) in old-growth Douglas-fir stands and from 0.03-0.8ha (2.5 ac) in
young (42-140 yr) stands (Buchanan & al. 1990).



HABITAT SUITABILITY INDEX (HSI) MODEL
Model Applicability
Geographic area.

The CdiforniaWildlife Habitat Relationships (CWHR) System (Airola 1988; Mayer and
L audenslayer 1988; Zeiner et al. 1990) contains habitat ratings for each habitat type predicted to
be occupied by Douglas’ squirrel in California.

Season.

Thismode is designed to predict the suitability of habitat for Douglas squirrels throughout the
year. Model pred ctions, however, may be more accurae for breeding habitat.

Cover types.

Thismodel can be usad anywhere in California for whichan ARC/INFO map of CWHR hahitat
typesexists. The CWHR System contains suitability ratings for reproduction, cover, and feeding
for dl habitats Douglas’ squirrels are predicted to occupy. These ratings can be used in
conjunction with the ARC/I NFO habitat map to modd wildlife habitat suitability.

Minimum habitat area.

Minimum habitat areais defined as the minimum anount of contiguous habitat required before a
species will occupy an area. Specific information on minimum areas required for Douglas
squirrel wasnot found in the literature. This model assumes two home ranges is the minimum
arearequired to support a Douglas squirrel population during the breeding season.

Verification level.

The spatial model presented here has not been verified in the field. The CWHR suitability values
used are based on acombination of literat ure searches and expert opinion. We srongly
encourage field testing of both the CWHR database and this spatia modd.



Model Description

Overview.

Thismodd uses CWHR habitat type as the main factor determining suitability of an areafor this
Species.

A CWHR habitat type map must be constructed in ARC/INFO GRID format as abasisfor the
modd. The GRID moduleof ARC/INFO was used because of itssuperior functioral ity for

gpatial modeling. Only crude spatiad modeling is possible in the vector portion of the ARC/INFO
program, and much of the modeling dore here would have been impossible without the ahilities of
the GRID module. Inadditionto more sophigicaed modeling, the GRID modul €'s execution
speed is very rapid, alowing a complex model to run in less than 30 minutes.

The following sections document the logic and assunptionsused to irterpret hahitat suitability.

Cover component.

A CWHR habitat map must be constructed. The mapped data (coverage) must bein ARC/INFO
GRID format. A gridis aGl S coverage composed of a matrix of information. Whenthegrid
coverageis created, the size of the grid cell should be determined based on the resolution of the
habitat data and the homerange dze of the spedes with the smdlest home rangein the study.

Y ou mug be able to map thehome range of the smallest species with reasonable accuracy.
However, if the cell size becomestoo smal, data processing time can increase considerably. We
recommend agrid cell size of 30 m (98 ft). Each grid cell can be assigned attributes. Theintial
map mug have an attribute identifying the CWHR habitat type of each grid cel. A CWHR
suitability value is assigned to each grid cell in the coverage based on the habitat type. Each
CWHR habitat is rated as high, medium, low or of no value for each of three life requisites:
reproduction; feeding; and cover. The geometric mean value of the three suitability values was
used to determine the base value of each cell for this analysis.

Distance to water.

No water requirement was found for this species

Species' distribution.

The study area must be manually compared to the range maps inthe CWHR Species Notes
(Zeiner et al. 1990) to ensure that it is withinthe species range. All grid cells outside the species

range have asuitability of zero.
Spatial analysis.

Ideally a spatial modd of distribution should oper ate on cover ages containing habitat €lement
information of primary importance to aspecies. For example, in the case of woodpeckers, the
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Size and density of snags aswell asthe vegetation type would be of great importance. For many
small roderts, the amount and dze of dead and down woody material would be important.
Unfortunately, the large cost involved in collecting microhabitat (habitat element) information and
keeping it current makesit likely that geographic information system (GIS) coverages showing
such information will be unavailable for extensive areas into the foreseeall e future.

The model described here makes use of readily available information such as CWHR habitat type,
elevaion, slope, aspect, roads, rivers, streams and lakes Thegoal of the model isto eliminate
areastha are unlikely to be utilized by the species and lessen the value of margindly suitable
areas. It doesnot attempt to address al the microhabitat issues discussed above, nor doesit
account for other environmental factors such as toxins, competitors, or predators. 1f and when
such information becomes avail ble, thismodel could be modified to make use of it.

In conclusion, field surveys will likely discover that the species is not as widespread or abundant
as predictions by thismodel suggest. The model predicts potentially available habitat. There are a
variety of reasons why the habitat may not be utilized.

Definitions.

Home Range: the arearegularly used for all life activities by an individual during the season(s)
for which this model is applicable.

Dispersal Distance the distance an individual will disperse to edablish a new home range In
this model it is used to determine if Potential Colony Habitat will be utilized.

Day to Day Distance: the distance an individud is willing to travel on adaily or semi-daily basis
to utilize adistant resource (Potentia Day to Day Habitat). The distance used in the model is the
home rangeradius. Thisis determined by calculating the radius of acircle with an area of one
home range.

Core Habitat: acontiguous area of habitat of medium or high quality that has an area greater
than two homeranges in Sze. Thishabitat isin continuous use by the species. The speciesis
successful enough in this habitat to produce offspring that may disper se from thisareato the
Colony Hahita and Othe Hahitat.

Potential Colony Habitat: acontiguous area of habitat of mediumor high quality that has an
area between one and two homerangesinsize. Itisnot necessarily used continuoudly by the
species. Distance from a core area will affect how often it is used.

Colony Habitat: Potentid Colony Habitat that is within the dispersal distance of the species.
These areasreceive their full origina vaue unlessthey are further than three home range r adii



from acore area. These distant areas receive a value of low since there is alow probability that
they will be utilized regularly.

Potential Day to Day Habitat: an area of high or medium quality habitat less than one home
range, or habitat of low qudity of any size. Thispiece of hahitat done istoo small or of
inadequate quality to be Core Habitat.

Day to Day Habitat: Potential Day to Day Habitat that is close enough to Core or Colony
Habitat can be utilized by individuas moving out from those areas on a day to day basis. Thegrid
cell must be within Day to Day Distance of Coreor Colony Hahitat.

Other Habitat: contiguous areas of low value habitat larger than two home ranges in size,
induding small areas of high and medium qudity haltat that may be imbedded in them, are
induded as usald e habitat by the species. Suchareas may ad as “sinks’ becauselong-term
reproduction may not match mor tality.

The table below indicates the specific disances and areas assumed by thismodd.

Distance variables: Meters Feet
Dispersal Distance 4,500 14,765

Day to Day Distance/ 72 236
Home Range radius

Areavariables: Hectares M?2 Acres Ft2
Home Range 1.62 16,188 4 174,240
Core Habitat 3.24 32,376 8 348,480

Application of the M odel

A copy of the ARC/INFOAML can befound in Appendix 1. Thesteps carried out by the macro
are asfollows:

1. Determine Core Habitat: thisis doneby firs converting dl medium quality
habitat to high quality habitat and removing al low value habitat. Then contiguous
areas of habitat are grouped into regions. The area of each of the regions isdetermined.
Those large enough ( two home ranges) are mairtained inthe Core Habitat
coverage. If no Core Habitat isidentifiedthen  the modd will indicate no suitable habitat in
the study area.



2. I dentify Potential Colony Habitat: using the coverage from Step 1,
determine which regions are one to two home rangesin size. These are Potential
Colonies.

3. I dentify Potential Day Use Habitat: using the coverage derived in Step 1,
determine which aeasqualify as Potential Day to Day Hahita.

4. CalculatetheCost Grid: sinceit ispresumed to be more difficult for animals to
travd through unsuitable habitat than suitable habitat we use a cost grid to limit travel
based on hahitat suitability. The cost to travel is one for high or medium qudity hakitat.
This means tha to travel 1 mthrough thishahitat costs 1 mof Dispersal Distarce.
Thecost to travd throughlow quality habita istwo and unsuitable habitat codts four. This
means that to travel 1 m through unsuitable habitat costs the species 4 m of Dispersal
Distance.

5.  CalculatetheCost Distance Grid: acost distance grid containing the
minimum cost to travel from each grid cdll to the closest Core Habitat isthen calculated
using the Cost Grid (Step 4) and the Core Habitat (Step 1).

6. Identify Colony Habitat: based onthe Cost Digance Grid (Step 5), only
Potential Colony Habitat within the Dispersal Distance of the speciesto Core Habitat is
retained. Colonies are close enough if any cell in the Colony is withinthe Dispersal
Digance from Core Habitat. The suitability of any Colony located further than
three home range radii from a Core Habitat is changed to low snce it isunlikey it will
be utilized regularly.

7.  Createthe Core + Colony Grid: combire the Core Habitat (Step 1) and the

Colony Halitat (Step 6) and calculate the cost to travel from any cell to Core or Colony
Habitat. This isused to determinewhich Potentid Day to Day Habitat could be
utilized.

8. | dentify Day to Day Habitat: grid cells of Day to Day Habitat are only
accessibe to the species if they are within Day to Day Distance from the edge of the
nearest Core or Colony Habitat. Add these aress to the Core + Colony Grid (Step 7).

9.  Add Other Habitat: largeareas( two home rangesin size) of low value hahitat,

possbly with small aress of high and medium habitat imbedded in them may be utilized,
dthough margindly. Add these areas back into the Core + Colony + Day to Day Grid (Step
8), if any exist, to areatethe grid showing areasthat will potentialy be utilized by the
species. Each grid cell containsaoneif it is utilized end azero if it isnot.

10. RestoreValues all areasthat havebeen retained as having positive habitat value
receive their original geometric mean valuefrom the original geometric value grid (see



Cover componrent section) with the exception of digant colonies. Distant colonies
(colonies morethan three homerange radii distart) have thar val ue reduced to low
because of the low likelihood of utilization.

Problems with the Approach
Cost.

The cos totraved acrosslow suitability and unsuitable habitat isnot known. Itislikey that itis
quite different for different oecies. Thismodd incorporates a reasonable guess for the cost of
movement. A small bird will crossunsuitable habitat much more easly thana smdl mammal. To
some extent differences in vagility between spedesisaccounted for by different estimates of
dispersal distances.

Dispersal distance.

The distance animas are willing to disperse from their nest or den site is not well understood. We
have used distances from studies of the species or similar species when possible, otherwise first
gpproximations are used. M oreresearch isurgently needed on wildlife dispersa.

Day to day distance.

The digance animalsare willing to travel ona day to day bassto use d gant resources has not
been quantified for most species. Thisissueisless of a concern than dispersd distance since the
possible distances are much more limited, especialy with small mammals, reptiles, and
amphibians Home range dze is assumed to be correlated with thiscoefficient.

SOURCES OF OTHER MODELS

No other habitat modelswere found for the Douglas squirréd.
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APPENDIX 1: Douglas’ Squirrel Macro

I* DOUGLAS SQUIRREL

/* dsgmodel.aml - This macro creates an HSI coverage for the
/* Douglas Squirrel.

/* Version: Arc/Info 6.1 (Unix), GRID-based model.

/* Authors: Irene Timossi, Sarah Miller, Wilde Legard,

/* and Reginald H. Barrett
I* Department of Forestry & Resource Management
T University of California, Berkeley

/* Revision: 2/10/95

/*

[* convert .ID to uppercase for info manipulations
&setvar.ID [translate %.1D%]
[* Start Grid

grid
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/*

&type (1) Initializing Constarts...

/*
/*
/*
/*

/*
/*

/*

/*

/*

/*

/*

/*
/*

Homerange: the size of the species' homerange.

DayPay: The amount the species is willing to pay traveling on
a day-to-day basis. Used to determine the area utilized on a
day-to-day basis.

DispersePay: Distance traveled when dispersing. The amount
the animal is willing to pay when dispersing from a core area.

High: The valuein the WHR grid which indicates high quality habitat.
Medium: The value in the WHR grid which indicates medium quality habitat.
Low: The valuein the WHR grid which indicates low quality habitat.

None: The value in the WHR grid which indicates habitat of no value.
SpecCode: The WHR code for the species

AcreCalc: The number needed to convert square units
(feet or meters) to acres.

&setvar SpecCode = M079

&if % .Measure% = Meters &then

&do
&setvar Homerange =16188
&setvar DayPay =72
&setvar DispersePay = 4500
&setvar AcreCalc =4047
&end
&else
&if % .Measure% = Feet &then
&do
&setvar Homerange = 174240
&setvar DayPay =236
&setvar DispersePay = 14765
&setvar AcreCalc = 43560
&end
&else
&do

&type Measurement type incorrect, check spelling.
&type Only Meters and Feet are correct.
&goto &BADEND

&end
&setvar High =3
&setvar Medium =2
&setvar Low =1
&setvar None =0

/*

The following global variables are declared in the menu:
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/* .\WHRgrid (WHR grid name): the name of the grid containing all
/* the WHR information.

/* .Bound (Boundary grid name): the grid containing only the
/* boundary of the coverage. All cdls inside the boundary
/* have a value of 1. All cdlls outside the boundary must
/* have a value < 1.

/* 1D (ldentifier): a1 to 4 character code used to identify
/* the files produced by this program. You may prefer

/* to use an abbreviation of the species' common name
/* (e.g. use “fisl for fisher).

/* .SizeOfCell (Céll size): the size (width) of the cells

[* used in the coverage grids. All grids used in the

[* analysis must have the same cell size.

[* .Measure: the units the coverage is measured in (feet or meters).

&type (2) Creating working grid of geometric means...

[*  Create a Geometric Means grid (Geom) for the species by
[*  copying these values from the WHR grid.

Geom = %.WHRQgrid%.% SpecCode%_G
/*

&type (3) Changing %Medium% value cells to %High% value for Merge grid...
/* Create a grid (Merge) merging Medium and High

/* value cells from the Geometric mean grid (Geom),

/*  while leaving the value of other cells (Low and None) unchanged.
/* Merge by changing the value of all medium cells to High.
Merge = con(Geom == %Medium%,%High%,Geom)

/*

&type (4) Converting Merge grid zones into a Region grid...

[*  Convert the zones of the merge grid (Merge) into

[* unique regions (Region). These will be used later

[* to create core, colony, and day-to-day areas.

Region = regiongroup(Merge#,EIGHT)

/*

&type (5) Calculating the area of Region grid zones...

[*  Calculate the area of the zones (ZoneArea) on the region
/* grid (Region).

ZoneArea = zonalarea(Region)

/*
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&type (6) Creating a Core Area grid...

[*  Extract areas from the zonal area grid (ZoneArea)

[* suitable for core areas (Core). Core areas are defined

[* as the Medium+High zones in the merge grid (Merge)

/* with an area of at least two home ranges (%oHomerange%).
[*  Set their value = 1.

if (Merge == %High% and ZoneArea >= %Homerange% * 2)
Core =1
endif

&if not [exists Core -vat] &then
&goto END

/*
&type (7) Creating a Colony grid...

[*  Extract areas from the zonal area grid (zoneArea)

[* possibly suitable for colonization (ColTemp).

/* Colony areas are defined as Low or Medium+High zones

[* in the Merge grid (Merge) with an area of between one

/* and two home ranges (%9Homerange%). Set their value = 1.

[*  Then set all nodata values in the grid to zero (Colony).

docell
if (Merge == %High%)
if (ZoneArea > %Homerange% and ZoneArea < %Homerange% * 2)
ColTemp =1
endif
endif
end

Colony = con(isnull(ColTemp),0,ColTemp)
/*
&type (8) Creating a Day-to-Day Use grid...

/* Create a grid based on the values in the zonal

[* area grid (ZoneArea) and merge grid (Merge)

[* suitable for day-to-day use (DayToDay). Day-to-day use
/* areas are defined as Low if the area is less than two

/* homeranges in size or Medium+High zones in the

/*  mergegrid (Merge) with an area of less than one home
/¥ range (Y%oHomerange%). Set their value = 1.

if ((Merge > %Low% and ZoneArea <= %Homerange%) or ~
(Merge == %Low% and ZoneArea < %Homerange% * 2))

DayToDay =1
else

DayToDay = 0
endif
/*
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&type (9) Creating a Cost Grid based on habitat value...

[*  Using the merge grid (Merge), create a cost grid (Cost)

/*  based on the habitat-value. Cost represents the relative

/¥ resistance a species has to moving across different quality
/*  habitat: Habitat-value Cost

* None 4

I* Low 2

1* Medium+High 1

if (Merge == %None%)
Cost=4

else if (Merge == %Low%)
Cost=2

else if (merge = %High%)
Cost=1

endif

/*

&type (10) Calculating cost to travel from Core Areas...

/*  Calculate the cost to travel the distance (CostDist)

/¥ from the nearest core area source (Core) using the cost
/¥ grid (Cost).

/*

CostDist = CostDistance(Core,Cost)

/*

&type (11) Calculating which Colony areas are Cost Effective...
/¥ If Colony Areas exist...

/¥ Find the areas in the Colony grid (Colony) that could

/*  be colonized from the core areas:

/¥ Assign costs to al cells in the Colony areas (Colony)
/¥ from the Cost grid (CostDist). Zero surrounding NODATA areas.

I*  Make each colony a separate zone (ZoneReg) using
[*  the regiongroup command.

/*  Use zonalmin to find the minimum cost to arrive at each
/¥ colony (ZoneMin).

/¥ Set all NODATA cells to zero in ZoneMin to produce
[*  Colzerl.

/¥ To find out which of the potential colonies can be utilized,
/*  determine which have a cost that is equal to or less than
/*  DispersePay. If the cost to get to a colony is less than

/*  or equal to DispersePay, keep it in grid Col.

/*  Fill the null value areas in Col with zeros to create ColZer2

&if not [exists ColTemp -vat] &then
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&goto SkipColony

ColDist = con(Colony > 0,CostDist,0)
ZoneReg = regiongroup(Colony,#,EIGHT)
ZoneMin = zonalmin(ZoneReg,ColDist)
Colzerl = con(isnull(ZoneMin),0,ZoneMin)

if (ColZerl <= %DispersePay% and ColZerl > 0)

Col = Colony
else

Col = Core
endif

Colzer2 = con(isnull(Col),0,Cal)

/*

&type (12) Creating Core + Colony grid...

/¥ If colonies exst....

[*  Create a grid (ColCore) that combines the core

/¥ (Core) and colony (Colony) grids.
/¥ This grid will be used to analyze day-to-day use.

if (Colony == 1)
ColCore =1
else
ColCore = Core
endif

&label SkipColony

&type (13) Calculate cost to travel from Core and Colony Areas...

[* If colonies exst...

/¥ Calculate the cost to travel the distance (CostDis2)

/¥ from the nearest core or colony area source (ColCore).

/*  Otherwise just copy the CostDist grid to use for Day-to-Day
/* analysis.

&if not [exists ColTemp -vat] &then
CostDis2 = CostDist
&else CostDis2 = CostDistance(ColCore,Cost)
/*
&type (14) Calculating which Day-to-Day areas are Cost Effective...
/¥ This step adds the utilized Day-to-Day cells to the
/¥ Core + Colony Area grid (ColZer2) to produce the
/* Dayl grid.
I*  Use the Core + Colony Cost grid (CostDis2)to find out

/*  what can actually be used day-to-day (any cell with
[* acost of DayPay or less).
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/*
/*

/*
/*
/*
/*

Retain any cell in the Day-to-Day grid (DayToDay) with
a cost less than or equal to DayPay and greater than zero.

If the Distance-Cost grid (CostDis2) = 0,

it is part of the Core or Colony Area and
should gets its value from Core + Colony Area
grid (ColZer2).

&if [exists ColTemp -vat] &then
&do

if (CostDis2 <= %DayPay% and CostDis2 > 0)
Dayl = DayToDay

else
Dayl =Colzer2

endif

&end
&else
&do

if (CostDis2 <= %DayPay% and CostDis2 > 0)
Dayl = DayToDay

else
Dayl =Core

endif

&end

/*

&type (15) Finding Other Areas That May Be Utilized....

/*
/*
/*
/*
/*
/*

/*
/*

/*

/*

/*

/*

/*

This step picks up any large low value areas and any small

medium or high value polygons that are imbeded

in them.

First find any areas that are not currently in the included

set (Day12) but are in the original geometric mean coverage (geom)
set Other to 1 where Day1Z = 0.

if Other is all nodata, create the All coverage from
the DaylZ coverage.

Split all other areas into separate regions (OthReg)

Calculate the area of the regions (OthArea).

Keep any region in OthArea with an area> 2 homeranges (Util).
Change any null values in Util to zeros (OthZero).

Add these areas to the Dayl coverage to create All

Dayl1Z = con(isnull(Day1),0,Day1)

if (DaylZ< 1) and (Geom > 0))
Other =1
endif

&if not [exists Other -vat] &then
All = Dayl1z
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&else
&do

OthReg = regiongroup(other,#,EIGHT)
OthArea = zonalarea(OthReg)

if (OthArea >= %Homerange% * 2)

util=1
else

util=0
endif

OthZero = con(isnull(Util),0,Util)

if (OthZero == 1)

All = OthZero
else
All = Day1z
endif
&end

/*

&type (16) Creating a Value grid...

/*  For any cell in All that has avalue of 1, store the suitability

/*  value from the Geometric mean grid (Geom) to the Value grid.
[*  Other cells inside the boundary (%.Bound%) get a value of 0.
/*

if (All == 1)

Value = Geom

else if (%.Bound% == 1)
Value =0

endif

/*

&type (17) Creating an HSI grid...

/*
/*
/*
/*
/*

/*
/*
/*

/*
/*

/*

if Colonies exst....

For any cell that was part of a colony that is further than

3 times the HR radius (DayPay) away from a core area, set the suitability
to Low. Distant colonies lose value because of their small size.

This step produces grid Collow.

Set all NODATA values in Collow to zero in ColZer3.
Find any day-to-day use areas (DayToDay) that are being
utilized (Colzer3). If they are further than four hom eranges

from a core area (CostDist), they are utilized from a distant
colony and their value will be decreased to Low in Day2.

Then change nulls to zero in ValZero
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/¥ Keep all data within the boundary; call this final grid HSI.

&if [exists ColTemp -vat] &then
&do
if (Colzerl >= %DayPay% * 3)
Collow = %Low%
else
Collow = Value
endif

Colzer3 = con(isnull(Collow),0,Collow)

if ((CostDist > %DayPay% * 4) and (ColZer3 > 0) and ~
(DayToDay ==1))

Day2 =1

else
Day2 =ColZer3

endif

&end
&else
Day2 = Value

valzero = con(isnull(Day2),0,Day?2)
if (%.Bound% == 1)
%.ID%hsi = valzero
endif
/*
&type (18) Quiting from GRID and adding the acres field.....

/¥ Quit from GRID (Q), then run additem to add an acre item to
/¥ the HSI grid vat file (% ID%HS l.vat). Reindex on value when done.

Q

additem %.ID%hsi.vat %.I1D%hsi.vat acres 10 10 i

indexitem %.ID%hsi.vat value

/*

&type (19) Calculating acres.....

/* Use INFO to calculate the acreage field: Multiply the number
/¥ of cells by the cell size squared and divide by the number of
/* square meters per acre (4047). Reindex on value when done.
&data arcinfo

arc

select %.1D%hsi.VAT

CALC ACRES = ( COUNT * %.SizeOfCell% * %.SizeOfCell% ) / %AcreCalc%
Q STOP

&END
indexitem %.1D%hsi.vat value

/*
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&type (20) Killing all intermediate coverages before ending macro...
/* &goto OKEND
grid

kill Geom
kill Merge
kill Region
kil ZoneArea
kill Core

kill CaTemp
kill Colony
kill DayToDay
kill Cost

kill CostDist
kill ColDist
kil ZoneReg
kill ZoneMin
kill ColZerl
kill Col

kill Colzer2
kill ColCore
kill CostDis2
kill Day1

kill Day1zZ
kill Other

kil OthReg
kill OthArea
kill Util

kill OthZero
kill All

kill Value
kill Collow
kill ColzZer3
kill Day2

kill valzero

q

&goto OKEND

&label END

&type **

&type **

&type NO CORE AREAS EXIST, EXITING MACRO
&type **

&type **

kill Core
kill Region
kill ZoneArea

kill Merge
kill Geom

quit

&label OKEND
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&label BADEND

&return
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